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Abstract
Recent advances in electronics and wireless communication systems have brought many different variants of 
wireless sensor devices (motes) from industry and institutions. As a result the development and deployment of 
intelligent transport applications has become complicated due to the diversity of sensors and communication 
protocols available. The Embedded Middleware in Mobility Applications (EMMA) consortium delivers a middleware 
specification that aims to facilitate the interaction between sensing technologies in intelligent transport systems. 
This is demonstrated using a wide range of technologies from small scale automotive systems to large-scale road 
infrastructure systems. This paper discusses our experience of using heterogeneous sensors to develop intelligent 
transport system applications in the EMMA project and focuses on how cooperation between vehicle and 
infrastructure can be addressed.
1 Introduction
Modern transport systems are increasingly becoming part of the wider networked society where information is 
shared and combined in order to improve the behaviour of complex systems. In a transport network, the interaction 
and cooperation of infrastructure and automotive systems is essential for creating an accurate representation of the 
local environment. However, in order to achieve cooperation between independent systems, a common interface 
needs to be defined that facilitates the development of cooperating applications in the transport domain, while 
hiding the underlying logic and communications required for exchanging information. This paper presents one 
approach to this systems integration challenge, namely the use of a middleware based solution to overcome the 
system complexity.
Interaction and cooperation between sensing technologies for intelligent transport applications is a multi-
dimensional problem. As in any network, there are usually standards defining the architecture, physical interface, 
protocol, data integrity and security. Over the past decades such standards have been developed for both the 
automotive and road infrastructure sectors, but have evolved separately resulting in a highly diverse set of 
networking solutions. Each of these solutions addresses specific problems and challenges based on the 
requirements of each application. The following sections present the state of the art in communication and sensing 
technologies for the road infrastructure as well as the automotive domain, including a brief outlook of some major 
intelligent transport system projects. Additionally, the benefits of the EMMA approach are presented, followed by 
specific examples.
2 Typical System Development in Intelligent Transport Systems.
Motivated by the need for enhanced safety and mobility, the intelligent transport systems domain is always seeking 
new technological solutions by combining skills from the automotive, aerospace, rail and maritime industries [18].
However, as the complexity of transport systems rises, the development of new cooperating solutions becomes 
even more challenging and expensive. In this section the main characteristics of automotive and road infrastructure 
applications are presented, in order to better understand the problems created by their integration into a single
transport system.
The infrastructure-based applications normally use a set of conventional or specialised technologies which aim to 
reduce accidents, improve traffic flow, protect pedestrians and monitor every aspect of the transport network. Such 
technologies use a wide variety of sensing technologies including, video, radar, GPS, inductive loops and weather 
stations. By fusing information from different sensors more advanced solutions are created such as [19]:
 Arterial Management Systems
By fusing data from traffic detectors and traffic signals these systems manage arterial roadways traffic and 
providing traveller information.
 Freeway Management Systems
By fusing data from traffic detectors and surveillance cameras these systems manage traffic flow. As a 
result, appropriate traffic management strategies can be deployed such as lane closures and variable 
speed limits.
 Transit Management Systems
By using surveillance and communications these systems enable transit agencies to improve the 
operational efficiency, safety and security of the public transportation systems.
 Incident Management Systems
By detecting unusual patterns in the traffic flow road incidents can be detected promptly and thus help 
minimise congestion. Video sensors are mainly used in such systems.
 Traveller Information 
Automated traveller information is formed by fusing data from different traffic management systems.
 Crash Prevention & Safety
By fusing data from different sensors these systems inform the driver of an upcoming danger through 
active warning signs.
 Road Weather Management 
By using weather stations at different parts of the road network, these systems can support a coordinated 
response to extreme weather conditions.
 Traffic Offence Detection systems
By combining video and radar sensors these systems detect traffic offenses such as speeding and traffic 
light infringement.
Another interesting new trend is the exploration of the link between intelligent transportation systems and research 
into ubiquitous computing. The emergence of small computing elements with increased connectivity and interaction 
with the environment provides enriched opportunities for developing cost-effective distributed applications. For 
example, in the Smartdust project, Berkeley UC introduced an autonomous sensing, computing and 
communication system into a cubic-millimetre mote [7]. The Smartdust devices have already been successfully 
tested in sensor network applications, while initial studies suggest that they could also be used in intelligent 
transport systems [8]. These Smartdust devices are often referred to as “motes” in the wireless sensor networks 
(WSN) application domain.
As with the road infrastructure sector, the automotive electronics industry has focussed on creating driver 
assistance systems (DAS) by combining information from a wide range of on-vehicle sensors. As a result a highly 
diverse set of solutions have emerged from real-time safety-critical applications to infotainment systems. In 
addition, the automotive standards – demanded by vehicle manufacturers – ensure quality and reliability of the 
highly complex components involved in building a modern car.  Such examples are:
 Engine management systems
By combining information from engine sensors, these systems dynamically optimise the engine behaviour 
and fuel consumption.
 Adaptive cruise control
By using a radar sensor this system always keeps the host vehicle at a safe distance from the vehicle in 
front.
 Lane departure warning
A video or infrared sensor is used in combination with power steering to keep the vehicle within its lane.
 Anti-lock Braking System
By fusing data from an accelerometer and wheel speed sensors this system prevents the vehicle from 
slipping on under braking.
Each of the applications above could be described as a cooperating application where cooperation is achieved by 
means of exchanging information between electronic control units and sensors. In a sense this is similar to the way 
the infrastructure sensors interact, except that in a vehicle environment there are more reliability, space, power and 
safety constraints influencing the design of automotive solutions. 
Another differentiating factor between automotive and other intelligent transport systems is the use of highly 
specialised communication protocols. Over the years a diverse set of automotive communication standards have 
emerged for addressing a wide range of vehicle-specific requirements. Some examples are:
CAN (Controlled-Area Network)
CAN is the standard in most automotive applications as it combines reliability and fault-detection mechanisms 
which are necessary features for safety-critical applications.
Flexray
Flexray has emerged in order to support safety-critical applications that require higher-bandwidth communications 
without compromising fault-tolerance. Examples of such applications are x-by-wire products.
LIN [Local Interconnect Network]
LIN is used as an in-vehicle communication and networking serial bus between intelligent sensors and actuators 
operating at 12 volts. It is mostly suitable for non-safety-critical applications as it is not fault-tolerant. Some 
applications using LIN include air conditioning systems, doors, seats, column, climate control, switch panel, 
intelligent wipers, and sunroof actuators.[20]
MOST [Media-Oriented Systems Transport]
MOST is a growing standard for automotive multimedia networks. The low-cost, fibre-optic-based network 
interfaces to audio and video devices to provide integration for passenger information and entertainment networks. 
[21]
Figure 1: Typical Automotive System
Figure 1 shows a typical example of interaction between different electronic control units within a modern car. Even 
if some of them are already “co-operating” and interchanging information through well-known and standard 
interfaces – as the High and Low Speed CAN buses-, there are still many subsystems working in isolation, or 
integrated within a separated, proprietary network. It is also worth noting that in the block diagram above there are 
no wireless sensors.
In the past, the use of wireless communication technologies at the vehicle level has not generally been popular
mainly for the following reasons:
 Reliability and fault tolerance issues make wireless communications unsuitable for safety-critical 
applications.
 High cost
 Security and signal interception issues
However, over the last few years with the steady rise of cooperative applications involving vehicle-to-vehicle and 
vehicle-to-infrastructure communication, there is an increasing demand for wireless technologies. Most of these 
technologies have been developed through major industrial and academic projects, some of which are mentioned 
below:
C2C (Car to Car)
The goal of C2C-CC (Car-to-Car Communication Consortium) is to standardise the interfaces and protocols in 
order to make the vehicles of different manufacturers interoperable.  The C2C nodes need to be cooperative, i.e. 
not only do they need to follow a specific protocol, but they must show cooperative behaviour. [22]
WILLWARN (part of PREVENT integrated project)
PREVENT is a European consortium that consists of separate subprojects. Specifically, the WILLWARN subproject 
has been looking into automotive wireless communications:
Foresighted driving and early detection of hazards is a key for safe driving and accident avoidance. WILLWARN 
(Wireless Local Danger Warning) is developing a communication-based system that extends the driver's horizon 
and intelligently warns the driver of dangerous situations ahead. WILLWARN provides drivers the opportunity to 
adapt the vehicle speed and inter-vehicle distance early-on, leading to a higher situational awareness of potential 
unforeseen danger. [23] The key issues of WILLWARN include: 
 Improved safety through vehicle-to-vehicle and vehicle-to-infrastructure communication 
 High benefit for the user even at low equipment rates using cars as relays for transporting messages in a 
road network 
 Design of a basic system at low cost
SAFEPROBE (part of SAFESPOT integrated project)
The main objective of this subproject is the development of an interoperable “vehicle probing” system, source of 
safety related information. In particular, the vehicle could be considered as a fundamental "junction for a spread 
network of knowledge" on safety, able to receive data coming from different sources like:
 vehicle on-board sensors 
 vehicle data 
 other vehicles through vehicle-to-vehicle communication (V2V)
 infrastructure through vehicle-to-infrastructure communication (V2I)
and to transmit, after a classification, selection and fusion, an updated version of them to the other cooperative 
vehicles and infrastructure. In this way, the vehicle can be seen as a "sensor" able to detect safety critical situations 
for the drivers.” [24]
Cooperative Vehicle-Infrastructure Systems (CVIS)
CVIS is a major new European research and development project aiming to design, develop and test the 
technologies needed to allow cars to communicate with each other and with the nearby roadside infrastructure. 
Based on such real-time road and traffic information, many novel applications can be produced. The consequence 
will be increased road safety and efficiency, and reduced environmental impact. The project’s ambition is to begin a 
revolution in mobility for travellers and goods, completely re-engineering how drivers, their vehicles, the goods they 
carry and the transport infrastructure interact.  With CVIS, drivers will influence the traffic control system directly, 
and get guidance to the quickest route to their destination. Information shown on road signs will be available 
wirelessly and be shown on a display in the vehicle. The project will apply and validate the ISO “CALM” standards 
for continuous mobile communication, and will provide input to standards under development in European and 
global standardisation bodies. [25]
CALM Standards
The set of CALM standards is being developed within the International Standards Organisation in close 
cooperation with other international, national and European standardisation bodies. The concept is built around the 
idea of being able to access information from devices that use different communication protocols. CALM offers a 
set of protocol standards that will allow the host system to route the necessary communications over the most 
suitable telecommunications system that is available at that time, based upon knowledge of the quality of service 
requirements for that application and the real-time performance of the available communications media. CALM 
standards can be used for vehicle-to-vehicle, vehicle-to-infrastructure, and infrastructure-to-infrastructure 
communications. New communications systems are being developed as part of CALM, whilst existing 
communications systems can be adapted to work with CALM, in order to allow intelligent routing [6].
From the above, it becomes apparent that there is an increasing move towards combining sensor information and 
automating vehicle behaviour. However, most projects have a tendency to focus on the benefits of interacting 
system elements, but do not appear to consider the problem of reducing system complexity and easing efficient 
system development. EMMA turns this issue on its head. Instead of focusing on the end solution, the process of 
developing the application is instead highlighted. The aim is to provide a clear and distinct application programming 
interface (API) that will allow developers to develop a variety of complex interaction solutions without becoming 
bogged down in the technical complexity of such a feature rich system.
3 The Benefits of a Middleware Approach
Given this wide variety of sensor technology available and in common use, a popular approach to manage the 
growing complexity of a typical development is to create a malleable interface often called ‘software glue’ but more 
correctly termed middleware. Middleware has been around for many years in different forms. From the dawn of 
formal engineering projects, independent systems have had to co-exist and interoperate. As a result engineers 
have had to design interfaces, whether this is to cope with hardware, mechanical or software interaction. In the 
software context the requirement is generally to translate data from one system’s native format to another and back 
with a required degree of accuracy and efficiency.
“Middleware” in the loosest terms covers a wide variety of system integration schemes. The most basic of 
middleware systems is a custom script using classic scripting languages such as Perl or Python to perform some 
system specific operations. These have previously been termed Middleware ‘dark matter’ [4] as they do not fall 
directly into the common middleware category but nevertheless have similar characteristics. Whilst in some cases 
this approach may be quick to implement and result in an acceptable solution, often it requires that the developers 
acquire and maintain integration skills outside of their normal domain of expertise (e.g. scripting languages/XML 
technologies) and can lead to a requirement for the middleware to be subjected to the same level of maintenance 
as the applications delivering the functionality themselves, clearly an undesirable situation. This focus on the 
integration technology rather than the application can become greater still when faced with large complex dynamic 
systems that tend to characterise modern application development.
As a result, investment in common middleware platforms has been made across the software development and IT 
communities. The outcome of this is a plethora of commercial-off-the-shelf (COTS) middleware technology falling 
into four broad categories: Object-orientated middleware, transactional middleware - built around notional 
transactions, message-orientated middleware - offering asynchronous message exchange, and remote-procedure 
call systems which extends the procedure calling approach to distributed systems.
Evaluation of these middleware technologies has often reached the conclusion that middleware is a large and 
complex system, requiring careful coupling to, and tuning for, the specified application domain [3]. As a result there 
is a need to identify and develop a middleware system optimised for the challenges present in the intelligent 
transportation domain. Wireless sensor networks also have specific challenges borne from inherently restricted 
resources along with potentially unreliable communications channels.
A differentiating factor between current middleware models and the proposed EMMA system is the need to operate 
on multiple different platforms, with substantially different resources available. Current middleware technology is 
typified by systems designed to run in non-realtime, resource rich environments, such as large business 
information systems. A typical traffic infrastructure or automotive application runs in a realtime environment with 
strictly limited resources, distributed across many control units, themselves incorporating multiple dissimilar 
sensors. It is against this backdrop that an embedded middleware system for automotive and transportation 
systems was proposed.
To explore the scalability of the EMMA middleware, it has been deployed on different targets, producing 
demonstration systems using large powerful fully featured PowerPC based FPGA technology, as well as compact, 
battery-powered Micaz motes.
An additional capability of the EMMA middleware is the ability to handle dynamic, ad-hoc networks. These are a 
natural result of communications between moving vehicle-based environments and infrastructure systems with 
finite static coverage. It must be possible to handle the potential changes to the network composition whilst 
insulating the application developer from the technical challenges that this involves. Within EMMA this is developed 
by using a principle of hierarchical Wireless Co-operating objects (WICOs). The number and type of objects 
present in any given WICO hierarchy will vary depending on the prevailing conditions and their availability, however 
the handling of this will be abstracted away from the application developer by the middleware wherever possible.
4 Anticipated uses of EMMA
Understanding the unique characteristics of EMMA is an essential step towards analysing its anticipated uses. The 
main difference between EMMA and other initiatives is the fact that it has focussed on creating a scalable and 
platform independent embedded middleware based on the requirements from both the automotive industry and the 
road infrastructure manufacturers. In other words, EMMA has focussed on creating an abstraction layer to facilitate 
the application development in the intelligent transport systems domain, without concentrating on any single 
communications protocol or hardware architecture. The physical communication between cooperating objects is 
addressed by other European projects such as Wisents, C2C, CVIS, SAFEPROBE, and WILLWARN. Additionally, 
by creating an operating system independent middleware, EMMA can be made available on a wide range of 
platforms built around AUTOSAR, OSEK, TinyOS, QPlus, Nano-QPlus and others.
In the road infrastructure domain, the scalability of the EMMA middleware allows it to be embedded in a variety of 
platforms from tiny Smartdust sensors to traffic control systems. By developing these devices using a common 
middleware based platform, the individual Smartdust devices can be configured as Wireless Cooperating Objects 
(WICOs). This WICO based sensor network allows the system to be flexibly configured to take advantage of 
changing conditions, for example with transitory sensors joining or leaving the fixed network as appropriate.
EMMA will also provide a whole new range of opportunities for exchanging data amongst different vehicle sensors, 
subsystems and the engine. Numerous applications are continuously being developed aiming to improve the safety 
and enhance the driving experience. However, often such systems are isolated from the rest of the vehicle and 
their sensor information cannot be reused. As a solution, EMMA will transform such sensors to cooperating objects, 
giving the opportunity to develop new data fusion applications. Furthermore, current bandwidth and space 
constraints will be overcome thanks to a combination of various communication networks, allowing the isolated 
subsystems to share their knowledge with other devices. Finally, it is worth noting that the adaptation of vehicle 
sensors to EMMA will not require any changes to the current vehicle architecture or network structure, in order to 
guarantee safety and data integrity of existing automotive systems. EMMA intends to create a framework for 
communication amongst cooperating objects, without interfering with critical information (e.g. data-exchange over 
the vehicle CAN-bus).
Examples of applications at the car level that could benefit from EMMA include [26]:
 Data-fusion applications: By combining information from a higher range of sensing devices the efficiency and 
reliability of modern automotive systems is increased. The concept of cooperating objects will simplify the way 
data is exchanged by providing an appropriate development platform.
 Add-on sensors: An EMMA network will be a group of cooperating sensors that incorporate the EMMA 
middleware. Thus, once an “EMMA compatible” sensor is added to the network its data could become available 
for exchange. This way a whole new range of opportunities could arise for creating third-party devices that 
utilise information from the vehicle sensors. For example an EMMA compatible GPS navigation system could 
cooperate with the wheel-speed and yaw-rate sensors for dead reckoning in tunnels and other areas with poor 
satellite coverage. 
 Telemetry: By introducing wireless technology to vehicles, the EMMA middleware could be used for getting 
telemetry information from various cooperating objects in order to pinpoint component failures.
 External sensors: There is a special category of sensors that are designed to work within the passenger cabin 
or on the vehicle surface. In both cases the wiring limitations often dictate the way such devices are designed. 
A classical example is that of the rain sensor which needs to be attached to the windscreen in such a way that 
the wiring does not affect the aesthetics of the vehicle. By converting such sensors to EMMA wicos, new 
design solutions could be possible.
5 Example Applications
Two example applications are documented in further detail in this paper.  Whilst in these cases it may be tempting 
to implement the systems described without using the middleware based solution proposed, the primary purpose of 
performing the system design in this way is to provide a foundation on which to build the evaluation and validation
of the middleware itself. This also offers a springboard for the iterative development of more complex distributed 
applications where the interaction management benefits of the middleware can be more fully leveraged.
The two examples highlighted in this paper are those of a supra-vehicle, infrastructure based system and an intra-
vehicle based sensor integration system. A third system is also being developed as part of the EMMA project and 
this will look at using the middleware within an automotive subsystem.
All three of these examples will be validated to check the correct operation of EMMA WICOs and its scalability. In 
addition to the validation, the applications will be evaluated against a clearly defined set of evaluation metrics 
drawn from the technical and non-technical requirements of the project. The results of this evaluation framework 
will be used to assess the performance results from the validation.
5.1 Intra-vehicle application 
One of the major benefits of networked transportation information systems often espoused is the ability for 
individual vehicles to monitor their surroundings and forward information on their local environment to interested 
parties (whether this be other vehicles or a local infrastructure system). As a result it was important to demonstrate 
this type of system within the framework of the EMMA project. The system selected focuses on the provision of the 
absolute position of a detected target ahead – such as another vehicle. The system achieves this by merging the 
data from an on-board radar (normally used for automotive Adaptive Cruise Control (ACC) systems), a GPS unit 
and yaw-rate and wheel-speed sensors. All of these are mature technologies, with the wheel-speed and yaw rate 
sensors added to ensure the continued accuracy of position data in the event of loss of GPS lock in low signal 
environments, a common risk in the “urban canyons” typical of inner city streets.
Figure 2: Intra-vehicle WICO
The WICO elements themselves are implemented on a COTS Virtex 4 Xilinx ML403 board. Additional automotive 
specific hardware has been added to provide compatibility with in-vehicle environments. The extra functionality 
included adds an automotive rated power supply and a CAN port allowing the WICOs to act as gateways to access 
data already on the vehicle CAN bus. 
Figure 3: The Xilinx ML403 Board with TRW Interface Board
The wireless nature of the connections between the GPS, radar and wheel-speed systems allows the easy addition 
of extra functionality or upgrades, in keeping with the EMMA philosophy. 
The absolute position of detected targets (e.g. other traffic) can then be transmitted to other cars or infrastructure to 
provide “round the bend” visibility, or active rerouting of traffic in the event of accidents or incident. 
5.2 Supra-vehicle system
Even though a range of Smartdust platforms are available in the market, Crossbow Mica [9] family motes will be 
used for EMMA applications due to their commercial success in many wireless sensor network applications. Also, 
Micaz motes will be the most suitable platform for the EMMA project since it features sensing and networking 
capabilities with low power consumption using ZigBee [10] as communication protocol. In the EMMA project, Micaz 
motes use NanoQplus [11] which is an operating system designed for embedded systems with very limited 
resources. Micaz motes will be used as a supra-vehicle level WICO in the EMMA project. Figure 4 shows a 
Crossbow Micaz mote.
Figure 4: The Crossbow Micaz Mote
The benefits of the EMMA middleware will be demonstrated at the supra-vehicle level using an application that 
manages traffic priority for emergency vehicles. To achieve this, an emergency vehicle (ambulance, fire engine or 
police car, etc) will be equipped with a WICO (Micaz mote) which will broadcast a beacon message if it is on an 
emergency call. For example, in a busy intersection controlled by traffic lights, emergency vehicles are detected 
and given priority by regulating the state of the traffic lights (Figure 5).
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A mote connected to a traffic regulator will act directly by providing information to the regulator about an emergency 
situation. Motes will be placed in the infrastructure to relay this message to the traffic light controller. It will be 
placed as far away as needed in order to give the traffic regulator time to change its status, taking into account any
time lost due to publish/subscribe mechanisms and more importantly other time periods the traffic regulator needs 
to guarantee the safe traffic light switching operation. Therefore, the traffic regulator will be able to give priority to 
the approaching emergency vehicle at the correct time.
The above application scenario will be implemented using the EMMA middleware. This will be used as a test-bed 
to check the correct operation of the EMMA approach for wireless sensor networks. It is worth mentioning that 
wireless pervasive computing applications for ITS can be developed using EMMA middleware but validation of 
such scenarios would require an extensive use of cooperative transport systems which is out of scope of the 
EMMA project.
Figure 5: Giving Priority to Emergency Vehicles
6 Conclusion
The EMMA project is uniquely placed to prove the concept of using WICO’s for a range of automotive and ITS 
applications, through its demonstration of prototype intra-vehicle, and supra-vehicle applications.  In the ITS field, 
the use of wireless embedded objects and sensors is seen as one of the key new technology drivers for improving 
the efficiency and operation of vehicles and road transport networks.  The recently published UK Government 
Report by the Office of Science and Innovation identified wireless sensors and embedded ambience intelligence as 
key components of future transport Intelligent Infrastructure which is key in developing new paradigms for 
managing robust, sustainable and safe networks of the future [12, 13, 14].  Here, future scenarios which examined 
how the science and technology may evolve over the next 50 years and it is clear wireless systems of different 
sorts, providing a ‘connected world’ between the vehicle, the infrastructure and the individual traveller will be a 
crucial element of this vision [15, 16]. It will enable optimisation of vehicle use, vehicle performance, infrastructure 
use and informing and influencing travel behaviour.
To take this forward, if the embedded middleware and the associated WICO’s can be shown to operate as 
envisaged by the EMMA project, and initial results from the validation and evaluation of the three EMMA scenarios 
is indicating that, this is indeed the case, then the project will have made a significant contribution to the embryonic 
‘connected world’ vision.  Clearly standards and type approval will be needed to move towards mass market 
applications, however the expertise and experience of the project partners can help to move this crucial sector of 
ITS research towards deployment, which will benefit society and the competitiveness of European industry, as well 
as delivering innovative tools for the better management and control of vehicles and road networks [17]. 
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